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Band 3 Gains
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Band 4 Gains

0.78 - 0.90um
scaled to high gain
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Band 7 Gains

2.09 - 2.35um
scaled to high gain
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Band 8 Gains

0.52 - 0.90um
scaled to low gain
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Relative Stability: £0.1%
Relative Accuracy: <+1%/year
Absolute Accuracy: £2%

(FASC fit uncertainty)
(slope uncertainty)
(different methods)

The Landsat-7 ETM+ sensor has three on-board calibration devices for tracking radiometric

Radiometric Calibration Methods (sampling per year)
Instrument Based Calibration
Internal Calibrator, primary lamp, high and low gain state gains merged whi
available, data from IAS database, USGS/EDC, through 08-Oct-02 (~1500)
Internal Calibrator, redundant lamp, high and low gain state gains merged \
available, data from IAS database, USGS/EDC, through 08-Oct-02 (0-20)
¢ Full Aperture Solar Calibrator (10-12)
Image Based Calibration
T Relative stability full-scene uniformity sites (scaled to pre-launch) (15-20)
Ground Based Calibration
O University of Arizona absolute calibration (5-10)
A South Dakota State University absolute calibration (2-4)
Pre-Launch Absolute Calibration
® Pre-launch (1)
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cali_bration for the reflective bands, thg Internal Calibrator (I_C) lamps, the Fu_II Apertur_e Solar . Comparison of instrument Change as indicated by O/O/yeaiL and
Calibrator (FASC) panel and the Partial Aperture Solar Calibrator (PASC) pin-hole mirror. [The 0 : .
IC consists of a lamp source and a black background on a shutter, viewed with every scan|of the Relative Accu racy bv Er= “d the 95% Confidence Interval on the S|0pe pred|Ct|On and as
scanning mirror. Though the system has two lamp sources on the shutter, only a single lamp is predicted by the three most stable calibration methods
used operationally. The "redundant" lamp has only been used a few times to date. System gain 3.00 ] L T -
calculated based on the IC have shown anomalous behavior, thought to be associated with IC- No significant trends (except Band 5) Indicates that the#ends exhibited by the FASC are probably
related vacuum shifts, filarr_\ent _ﬂares, instrument tempergture and c_urrent, and lamp usage, SO - 00 i — due pl’imar”y to FASC-related degradatimvith the
have not been used for calibration as of yet. The FASC is a solar diffuser panel, located outside| _ . i
of the instrument and deployed in front of the entrance aperture approximately once per month. E‘E T - exceptlon of Band 5.
The ggins calculated based on the FASC acqgisitions generally show downward trends acfoss ths = 1.00 T Cl . Band 5 with all three methods predicting a Change of
reflective bands (0 to -2% per year), though this is mostly thought to be due to panel degradatior].= g ! B 0 ill : f inah h
The PASC results have been anomalous and not well understood, so will not be discussed here|Z = & il ) e ~-0.5 A)/yearwl be considered for updatlng en the
Science team members from University of Arizona (UAz) and South Dakota State g £ 20.00 " H ; - ; Calibration Team meets in December.
University (SDSU) conduct ground look calibration campaigns in the western United Stateg to  |= ;E 1 . t 1T Eﬁ_ 1 h : ith indi i £ ch h
validate the on-board calibration devices. The gains calculated based on the UAz campaigns m{< & oo = i * Ot erwise, with no strong Inaication of € ange, the
predict upward trends across the reflective bands (0 to 1.5% change per year) though nong of th% S BEII‘?[:I 1 T . i Band 7 processing system continues to use the pre-launch determilhed
slopes are statistically significant. = > Band 2 © Band 5 an T . lib he | dered b
A recent addition to the calibration methods is a full-scene image based method. Thaugh _7 00 Band3—ZT Band 8 | gamStO calibrate the |magery oraere y USErS.
this method was initially incorporated strictly to monitor stability, scaling the relative stability Band 4 - The limits of radiometric change, as shown by the radiometfic
results to the pre-launch gains presents a relative monitor of gain change. Four radiometrically indi He : bl h b d as
homogeneous scenes (C\£3-6%) have been monitored, four times per year since launch. -3.00 accuracy, In Icate theTM+ Is stable enoug o be used as gn
Gains calculated based on this method, referred to as "relative stability full-scene uniformit EOS reference standard
sites", may show downward trends in all bands (0 to -0.75% change per year), though only the
slopes in Band 2 and Band 5 are statistically significant.
Th | Band 6: Stabl dA t
« 3-8K high without correction . Relative Stability: £0.2% (fit uncertainty)
« *0.7K with correction . Relative Accuracy: £0.1%/year (slope uncertainty)
Error inzg]SeKrive(: Sur:ace Tetmperature Error inagsel(rive(: Sur:ace Tetmperature ® AbSOI Ute Accu ra Cy: i 0 [ ] 6 K at 3 00 K (d iffe re nt meth OdS)
I K - te o g Band 6 Gains vs. Time
1R R 10.4 - 12.5pm
"g 10 S /:J}:m — = *3 20 low gain
EE > i0'75lg< ) 10‘3 t r159//_ /?%%_’__::_____,};—-5%’-___' 390 EE ° i0'7:5Ir0< =, I/D‘E ::—h;.:u"" 542\0';_.:_ _25:0:_-_';! 200 = 20
o a - ¥ oA T Band 6 Gains
oo T e A 18
“tars | “tars '6 16
Atmospheric Correction Methods 2k § 1 :
A None Hh o —————
® MODTRAN standard atmosphere “512_3 E Iy i
[ MODTRAN standard atmosphere corrected for local surface conditions s E
® MODTRAN standard atmosphere corrected for local column water vapol 122 . . . . . . E > g
DT mesiee ek (5pr09) E
(days) E &
While atmospheric correction for a single band thermal instrument requires more Ground-Based - - - -
knowledge of the atmosphere than for a multi-band thermal satellite imager, an illustrative Absolute Calibration Radlometri.c Calibration Methods *
error analysis of various methods of atmospheric correction of Landsat-7 thermal data show et (sa rt1i13|3 mdgCPI%r i{ea r) =
that almost any atmospheric correction is adequate, depending on the level of accuracy o / nirugzgkboe:jseCali?)lra;grlolgw ain state qains. data frol 0 , , , ,
required. This error analysis compares the top-of-atmosphere (TOA) temperature for|two / IAS datalgase USGS’/EDCg through (?8-Oc’t-02 (~15g®\ 0 200 400 &00 200 1000 1200
different surface temperatures predicted using a radiative transfer model for an assortment ? 5 | ’ time since launch (15-Apr-93)

a representative land surface.

estimates of the atmosphere and for a localized profile of the atmosphere. While still
complicated than performing a split-window technique, the results show that as long as
almost any type of atmospheric correction is performed, the error in TOA temperature
be approximately random and within a standard erree0dd at 285K ot0.8K at 305K over,

The study made use of MODTRAN 4.0 as the radiative transfer model. The National
Centers for Environmental Prediction (NCEP) Global Assimilation Data System provided
the local profiles. Atmospheric profiles were chosen for cloud-free dates, once per month
over the Washington, DC area, from March through October, 2001. The atmospheric
correction results from the NCEP profiles served as truth in this error analysis.
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Ground Based Calibration
A NASA/Jet Propulsion Laboratory absolute calibration

in—=situ derived
(W /m=Fsrfpm)

top-of-atmosphere radiance

(5-10)
will 7 i i i
/RMS — £0.08 W/m?/sr/um 0 Rochester Institute of Technology absolute calibration
. , _+0.6K at 300K (15-25) _ _
g 7 5 3 10 11 Pre-Launch Absolute Calibration
image derlved(:ipﬁ—nuzf;::r:::)phere radiance ] Pre_IaunCh (1)

Thermal Band 6 Irrigated Pivot Fields Sensitivity Example
Landsat Path 33/Row 32, acquired 10-Jul-99

In an example illustrating the sensitivity of the thern
band, these pivots in eastern Colorado are in various sta
of irrigation. While the color-infrared image on the left
displays the health of the vegetation, the thermal band, ¢
the right, shows the pivots, and fractions of pivots, that a
actively being irrigated. This was used as part of a stud
investigate the sustainability of the Great Plains aquifers
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Notice the differences between the pivots circled in red.
Both are cases where only a portion of the pivot is being
irrigated.

Images courtesy of the Center of the Study of Earth from
Space (CSES), University of Colorado Boulder.
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The Landsat-7 ETM+ sensor has a single on-board calibration device for
tracking radiometric calibration for the emissive thermal band; the Internal
Blackbody Calibrator (BB) which also functions as a reflective band calibration
source, consists of a hot blackbody and an ambient temperature background and|js
viewed with every scan of the scanning mirror. The gains calculated from the BB
the thermal band have been stable to wi#tir2% since launch, with no significant

Science team members from NASA/Jet Propulsion Laboratory (JPL) and
Rochester Institute of Technology (RIT) conduct ground look calibration campaig i
to validate the on-board calibration devices. Neither group has detected an error |
gain, though initially they discovered a 0.31 V¥snum (~3K at 300K) error in
offset. This offset error correction was fully implemented in the processing syste
by 01-Jan-01. Since then, neither team has detected any residual offset, with an
RMS error of+0.08 W/n#/srfum or+0.6K at 300K.

DI

AN

Sept 2002.

Related References
The Science Data User’'s Handbook:

http://Itpwww.gsfc.nasa.gov/IAS/handbook/handbook_toc.html
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